We show that the dominant channel proposed for the determination of the Higgs boson trilinear coupling, pp → HH + X via gluon fusion, exhibits an interference structure that is independent of the collider energy for collider energies in the range 8 TeV ≤ √ s ≤ 100 TeV and is almost maximally destructive. This insensitivity to the collider energy remains approximately true for a variety of other two Higgs production mechanisms although the magnitude of the interference varies widely.
INTRODUCTION
The standard Higgs self interaction is contained in the Higgs potential
where λ = m 2 H /2v 2 and, in terms of the W mass, the weak mixing angle and the fine structure constant, v = M W sin θ W / √ πα. A measurement of the trilinear coupling is an important test of the Standard model behavior of the Higgs-like object discovered at the LHC [1, 2] . Given the proliferation of gluon production at the Large Hadron Collider, the natural choice for the study of the Higgs boson trilinear coupling is the gluon fusion process gg → HH [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . The matrix element comes from the sum of a triangle graph and several box graphs as indicated in Fig. 1 . Each of these two contributions is gauge invariant. By calculating the total cross section, σ T OT and separately calculating the cross sections from just triangle graph, σ T , and just the box graphs, σ B , we can study the interference between the two amplitudes. Defining interference angle α I by the equation
we can examine how cos(α I ) varies as a function of energy. Since the interference term between the box and triangle amplitudes is 2 ℜe(M B M * T ) = 2 |M B ||M T | cos(α I ), cos(α I ) is independent of the three Higgs boson self coupling.
RESULTS FOR gg → HH
The numerical results that are shown in Table I were obtained using M H = 125.5 GeV, M t = 173.1 GeV and the MSTW2008 [14] parton distribution functions (PDFs) with both scales equal to the invariant mass of the two Higgs final state. The leading-order amplitudes for Higgs pair production from gluon fusion can be expressed in terms of tensor integrals [15] and scalar integrals [16] . We evaluate these integrals numerically with a FORTRAN code [17] developed for this purpose. The cross section was calculated in the usual way and then Eq. (2) was used to find cos(α I ). The error in these values of cos(α I ) from the numerical integration varies from 0.005 at low energies to 0.01 at high energies. The negative value of cos(α I ) reflects the known fact that the interference For pp → HH + X from gg → HH, the center of mass energy, the LO contributions to the cross section from the box, the triangle, and the total cross section, and cos(αI ).
is destructive. What is surprising is that cos(α I ) is almost universal.
To check the numbers in Table I , we multiply the total cross section, σ T OT , by the K factor given by de Florian and Mazzitelli [12] K = 1.242 − 7.17
where E is the center of mass energy. This reproduces their NNLO numbers precisely.
Since it is not clear how cos(α I ) can be so constant with energy, it makes sense to ask how it varies with other factors. It is well known that the process, gg → HH is very sensitive to the values of the scales and the PDFs. To see how cos(α I ) depends on the scales and PDF we give in Table II the box contribution, triangle contribution, total cross section, and cos(α I ) for three combinations of scale and PDF at three energies. For each energy the first line is the MSTW PDF with the scales equal to the two Higgs invariant mass (same as Table I ). The second line uses the CTEQ6L1 PDF [18] with the same scales, and the third line uses the MSTW PDF but with the scales equal to M H . Again the cross sections were calculated from the matrix elements and then cos(α I ) was determined from Eq. (2). These results are very striking because, as can be seen, the contributions to the triangle and box cross sections and the total cross section are very dependent on the scales and somewhat dependent on the PDF. But cos(α I ) apparently doesn't care about such things.
To separate the effects of the underlying physics from that of the parton distribution functions, consider the contributions with the distribution functions set to unity, effectively examining the behavior of the partonic process. Here we have to consider smaller energies because the triangle graph gets small rapidly due to the s-channel pole. The results are shown in Table III . The last two lines are uncertain because they depend on the σ B and σ T OT being very accurate but the conclusion is clear, without the distribution functions to emphasize the low energy parts of the cross sections, cos(α I ) is no longer universal.
INTERFERENCE IN OTHER TWO HIGGS PROCESSES

Production of two Higgs in association with a Z or W
It is worth looking at other two Higgs production processes to see how cos(α I ) varies with energy for them. We call the background, B, the contribution from the diagrams where both Higgs are emitted separately from the Z line. The signal is the contribution from the diagram with the three Higgs coupling. In analogy to the gluon fusion case above, we call that T . The total cross section is the square of all the diagrams including the cross terms between the B part and the T part. cos(α I ) is then defined by Eq. (2) above. First consider the results for pp → ZHH + X shown in Table IV for the same energies used in Table I We see that cos(α I ) changes only from 0.7 to 0.6 so unlike gluon production of two Higgs it does change but it doesn't change much. For this reaction and the remaining reactions, the CTEQ6L1 distribution functions were used with scale equal to √ŝ . We did try varying the distribution functions and found that it makes very little difference which set of PDF's is used. The scale used makes large differences in the values of cross sections but, for a given energy, they all change in the same way so cos(α I ) is unchanged.
The processes pp → W ± HH + X have an interference behavior similar to pp → ZHH + X. For the same range of energies, cos(α I ) changes from 0.66 at 8 TeV to 0.57 at 100 TeV for W + and 0.69 to 0.58 for W − . The results are shown in Tables V and VI. For pp → ZHH, rather than pp → ZHH + X as given above, cos(α I ), shown in Table VII , is 0.63 at 8 TeV and 0.60 at 100 TeV. So the change in the interference with energy when using two quark distributions is even less than when using one quark and one antiquark. 
Production of two Higgs in association with a tt pair
Another reaction for producing two Higgs is pp → ttHH + X. This has contributions from initial quarks and from initial gluons which can not be separated experimentally. But they must be calculated separately so let us first consider the→ ttHH part. For all the same input parameters, distribution functions, and scales as above our results are shown in Table VIII . Here, cos(α I ) varies only from 0.84 to 0.76 over the usual enormous energy range. The other contribution to pp → ttHH + X is from gg → ttHH. The results are shown in Table  IX would be different and just add these last two LO processes to get a total cross section for pp → ttHH + X we get the result shown in Table X . Finally we have a process where cos(α I ) varies substantially with the energy. 
HH production from qq → qqHH
The results for pp → qqHH via the subprocesses uu → uuHH, dd → ddHH and ud → udHH are shown in Tables XI ,XII TABLE XV: Contribution to the cross section pp → ddHH + X from the subprocess dd → ddHH.
CONCLUSIONS
As discussed in the Introduction, the interference, as parameterized by cos(α I ), does not depend on the value of the Higgs coupling. For two Higgs production the interference between the graphs with the trilinear coupling and those without is almost always constructive. In the exceptional cases of gg → HH and→ qqHH the interference is strongly destructive. For all cases the near constancy of cos(α I ) is directly related to the behavior of the parton distribution functions at low momentum where the large values of the parton luminosity minimizes the damping associated with the Higgs boson propagator that accompanies the trilinear coupling vertex. For the dominant subprocess, gg → HH, the almost maximal destructive interference between the triangle and box amplitudes (cos(α I ) = −0.90) tends to minimize the importance, at all energies, of the trilinear coupling which is the very thing we would like to determine.
If we allow the standard model Higgs trilinear coupling to vary by a factor κ (κλ v H 3 in Eq. (1)), the results for gg → HH are illustrated in Fig. 2. In addition, Fig. 3 shows that cos(α I ) remains constant for any κ.
A summary of the results for cos(α I ) given in the Tables is shown in Fig.4 which illustrates again that, while the value of the interference is very different for different processes, there is very little variation with energy within a given process. 
